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1
VACUUM PUMP

FIELD OF THE INVENTION

This invention relates to a vacuum pump, and in particular
to the lubrication of rolling bearings used to support the
impeller of a vacuum pump.

BACKGROUND OF THE INVENTION

Vacuum pumps typically comprise an impeller in the form
of a rotor mounted on a shaft for rotation relative to a sur-
rounding stator. The shaft is supported by a bearing arrange-
ment comprising two bearings located at or intermediate
respective ends of the shaft. One or both of these bearings
may be in the form of rolling bearings. Usually, the upper
bearing is in the form of a magnetic bearing, and the lower
bearing is in the form of a rolling bearing.

A typical rolling bearing comprises an inner race fixed
relative to the shaft, an outer race, and, located between the
races, a plurality of rolling elements for allowing relative
rotation of the inner race and the outer race. To prevent mutual
contacts between the rolling elements, they are often guided
and evenly spaced by a cage. Adequate lubrication is essential
to ensure accurate and reliable operations of rolling bearings.
The main purpose of the lubricant is to establish a load-
carrying film separating the bearing components in rolling
and sliding contact in order to minimise friction and wear.
Other purposes include the prevention of oxidation or corro-
sion of the bearing components, the formation of a barrier to
contaminants, and the transfer of heat away from the bearing
components. The lubricant is generally in the form of either
oil or grease (a mixture of oil and a thickening agent).

Vacuum pumps using oil-lubricated bearings require an oil
feeding system for feeding oil between the contact areas of
the bearing, which enables the oil to perform cooling as well
as lubrication and thereby permit the bearings to run at a faster
speed. Turbo-molecular pumps have traditionally used a
wicking system for supplying oil to a rolling bearing. In such
a system, a felt wick partially submerged in an oil reservoir
feeds oil to a conical “oil feed” nut mounted on the shaft. With
rotation of the pump, oil travels along the conical surface of
the nut to the bearing. The oil passes through the bearing and
is returned to the reservoir.

Felt is formed by matting a large number of individual
filaments, and so the felt wick is normally treated with a
rubber stabilising agent. This is because untreated felt wicks
are prone to release debris, usually in the form of individual
filaments, parts of filaments, or dirt trapped within the fila-
ments during matting, into the oil. This debris is subsequently
carried by the oil into the bearing. The resulting contamina-
tion of the bearing can cause damage which promotes prema-
ture bearing failure. Whilst washing the wicks can reduce the
amount of dirt-related contamination of bearings, the wash-
ing process tends to damage the integrity of the felt, leading to
increased release of filaments and filament fragments during
use.

There are also problems associated with the use of treated
fibre wicks. The stabilising agent used to treat the wicks is
temperature sensitive. The high relative velocities (typically
in excess of 25 ms™") experienced within a turbomolecular
vacuum pump cause significant quantities of frictional heat to
be generated. With prolonged use, the treated wicks can
become deformed and hardened as the tip of the wick begins
to char and consolidate. This hardening can significantly
reduce the rate at which oil is transferred from the reservoir to
the bearing as the consolidation of the felt and the deforma-
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tion of the tip reduces the ability of the wick to retain good
contact with the surface of the nut. This reduction in the rate
of transfer of oil causes further charring and deterioration of
the felt wick. Consequently, premature bearing failure can
occur through wear damage and overheating caused by poor
lubrication.

Conventional materials used for manufacturing bearing
cages, such as Phenolic resin, tended to absorb some of the
oil. This oil retention caused the bearing to be reasonably
tolerant to a non-lubricated environment as the cage material
was able to act as a further source of lubricant. More recently
the cages of bearings are being manufactured from a single
piece of material which, whilst being more accurate and
better balanced, is more sensitive to wear. In particular the
new materials being used, e.g. Torlon®, do not absorb oil in
the same manner as the conventional materials, and therefore
bearings with cages manufactured from these new materials
are much less tolerant of lubrication starvation.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a vacuum pump compris-
ing a housing, a rotor supported by a bearing arrangement for
rotation relative to the housing, a lubricant reservoir for stor-
ing lubricant for lubricating a rolling bearing of the bearing
arrangement, and a brush for transferring lubricant from the
reservoir to the rotor, the brush comprising a set of bristles
held by the reservoir.

By providing a brush for transferring the lubricant to the
rotor, rather than using a conventional felt pad, a lubricating
device having enhanced wear properties is provided. In use,
the bristles (which term includes bristles, fibres and fila-
ments) of is the brush retain their configuration so that deliv-
ery of lubricant is maintained over time. This can enable
consistent lubrication of the bearing and enable materials that
are sensitive to lubrication starvation to be used in the manu-
facture of a cage for the bearing.

The bristles may be arranged substantially orthogonal to
the axis of rotation of the rotor or they may be inclined
towards the rolling bearing. The brush may have an end
contacting the rotor which is angled relative to a plane normal
to the length of the bristles. The bristles may be retained
within an aperture formed in the reservoir.

The lubricant reservoir may extend about the rotor. A sec-
ond brush for transferring lubricant from the reservoir to the
rotor may be provided, the second brush comprising a set of
bristles held by the reservoir. The brushes may be angularly
spaced about the rotor. The brushes may be substantially
diametrically opposed. The brushes may contact the rotor at
locations which are staggered along the rotor.

The reservoir may be formed from a bi-component mate-
rial for example a material comprising polypropylene and
polyethylene. The bristles may be natural or synthetic.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWING

Preferred features of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

FIG. 1 illustrates a cross-sectional view through a turbo-
molecular vacuum pump;

FIG. 2 illustrates a first embodiment of a system for sup-
plying lubricant to the rolling bearing of the pump of FIG. 1;

FIG. 3 illustrates an end view of the lubricant supply sys-
tem of FIG. 2 (in the direction v);



US 9,046,103 B2

3

FIG. 4 illustrates a second embodiment of a system for
supplying lubricant to the rolling bearing of the pump of FIG.

FIG. 5 illustrates a third embodiment of a system for sup-
plying lubricant to the rolling bearing of the pump of FIG. 1;
and

FIG. 6 illustrates a method of assembling any of the afore-
mentioned lubricant supply systems.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a cross-section of a vacuum pump 50 com-
prising a pumping arrangement driven by a shaft 52. The
illustrated vacuum pump is a turbomolecular vacuum pump
comprising a turbomolecular pumping mechanism 54 and a
molecular drag pumping mechanism 56. The turbomolecular
pumping mechanism comprises a plurality of rotor blades 58
mounted on, or integral with, the shaft 52. The molecular drag
pumping mechanism 56 is in the form of a Holweck pumping
mechanism, and comprises one more cylinders 60 mounted
on the shaft 52. The shaft is rotated about longitudinal axis 61
by a motor 62 to drive the pumping arrangement.

The shaft 52 is supported by a bearing arrangement com-
prising two bearings which may be positioned either at
respective ends of the shaft as shown or alternatively inter-
mediate the ends. In FIG. 1, a rolling bearing 64 supports a
first portion of the shaft 52 and a magnetic bearing 66 sup-
ports a second portion of the shaft 52. A second rolling bear-
ing may be used as an alternative to the magnetic bearing 66.
When a magnetic bearing is used, it may also be desirable to
incorporate a back-up bearing.

The rolling bearing 64 is provided between the second end
portion of the shaft 52 and a housing portion 68 of the pump
50. With reference also to FIG. 2, the rolling bearing 64
comprises an inner race 70 fixed relative to the shaft 52, an
outer race 72, and a plurality of rolling elements 74, supported
by a cage 76, for allowing relative rotation of the inner race 70
and the outer race 72.

The rolling bearing 64 is lubricated by a lubricant supply
system 80 to establish a load-carrying film separating the
bearing components in rolling and sliding contact in order to
minimise friction and wear. The lubricant supply system 80
comprises a liquid lubricant reservoir 82, which surrounds an
axis of rotation 61 of the shaft 52. The reservoir 82 is provided
by a stable fibrous annular substrate surrounding a central
bore 83 of the reservoir 82, and having voids within which oil,
or other liquid lubricant, is stored. The reservoir 82 holds a
brush 84 comprising a set of filaments or bristles 86. The
brush 84 is oriented such that the bristles lie orthogonal to the
longitudinal axis of the bore 83 of the reservoir 82, which is
also the rotational axis 61 of the shaft 52. A portion of the
length of the bristles 86 is embedded within the substrate of
the reservoir 82 and the remaining portion of the bristles 86
protrude into the bore 83 of the reservoir 82. As illustrated in
FIG. 3, a second brush 94 having a set of bristles 96 may be
provided at a location approximately diametrically opposite
the brush 84.

The brushes 84, 94 are held by the reservoir 82 so that the
bristles 86, 96 are in contact with a tapered feed nut 90
mounted on the shaft 52 and located within the bore 83 of the
reservoir 82. The end of the tapered nut 90 located adjacent
the bearing 64 has an external diameter which is approxi-
mately equal to the internal diameter of the cage 76 of the
bearing 64. In this embodiment, the brushes 84,94 are located
approximately mid way along the axial length of the reservoir
82. However, this location is arbitrary and the axial location of
the brushes 84, 94 may vary from one vacuum pump to
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another. The axial location of the brushes 84, 94 is selected to
balance the benefits of maximising the volume of oil that can
be accessed from the reservoir 82 whilst minimising the dis-
tance over which oil is transferred along the feed nut 90 to the
bearing 64. In this example two brushes are shown at a single
axial location but further brushes may be provided at a to
different axial location. The location of the brushes 84, 94
may be staggered along the length of the reservoir 82. Fur-
thermore, one or more additional brushes may be held within
the reservoir 82 at the same axial location as those illustrated
in this example to give three or more brushes at a single axial
location.

Oil, or other liquid lubricant, is retained within the reser-
voir 82 such that the part of the bristles 86, 96 that is embed-
ded within the reservoir 82 comes into contact with the lubri-
cant. In use, the lubricant is drawn along the extent of the
bristles 86, 96 to the protruding part by capillary action and is
deposited onto the feed nut 90 as it rotates. This oil is trans-
ferred axially along the feed nut 90 to the cage 76 of the
bearing 64 by virtue of the taper on the nut 90 and the rotation
of the nut.

A second embodiment of a lubricant supply system is
illustrated in FIG. 4, in which a brush 104 comprises a set of
bristles 106 which extend across the bore 83 of the reservoir
82 to be held by the reservoir at diametrically opposite loca-
tions. Such a configuration further increases the contact that
can be achieved between the bristles 106 and the feed nut 90
and enhances the reliability of the delivery of oil thereto.

FIG. 5 illustrates a third embodiment of a lubricant supply
system, in which the bristles 116, 128 of each brush 114, 124
are inclined at an angle to the axis 61 of the bore of the
reservoir 82 so that the bristles 116, 126 experience a smaller
amount of deformation when contacting the feed nut 90.

In any of the above embodiments, the bristles 86, 96 are
gathered together at one end and held by crimping or adhesive
to form brushes 84, 94. Each brush is then threaded through
the reservoir from the external surface thereof and the crimp
is held in a recess located at the outer periphery of the reser-
voir 82. Each brush 84, 94 may be inserted into an aperture
that is preformed in the reservoir material or it may be driven
through the material without first forming such an aperture.
An alternative method of fixing the brushes in place is illus-
trated in FIG. 6 and involves using a C-shaped cross section of
reservoir material 182 and placing the brush 184 between the
opposing ends. The brush is then clamped in place by press-
ing the reservoir into a sleeve 186 or bore having a smaller
internal diameter than the outer diameter of the reservoir
material 182.

The reservoir material is preferably a bi- or multi-compo-
nent material made from, for example, polypropylene and
polyethylene, such as “BNW Sheet”. This material is particu-
larly suitable as it is sufficiently rigid be shaped and to accu-
rately locate and support the brush 84 therein, whilst having
good oil wicking properties to readily allow the transfer of oil
from the material to the brush. The material does not shed
fibrous or particulate matter during use. Alternatively a soft
felt material could be used as the reservoir material, but an
outer sleeve or collar would be required to retain the brush in
the correct location.

The brushes 84, 94 may be made from natural bristles such
as sable hair, squirrel hair, goat hair or ox hair, or from a
synthetic material such as polyester, nylon or Kanegoat®.
The natural bristles have a very small diameter (20-40
microns) and perform better than synthetic bristles having
larger diameters (100-200 microns).

Brushes 84, 94 provide an improved lubricant applicator
when compared to conventional felt pads as the individual
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filaments do not fuse together. Consequently, the lubricant
applicator does not degenerate like a conventional felt pad.
Contamination of the bearing through degeneration of the
lubricant applicator is therefore inhibited. In addition, the rate
of oil transfer to the bearing from the reservoir is more con-
sistent and reliable over time when using a brush applicator.

A further advantage associated with the use of a brush
applicator is that the resilience or bias of the applicator is
improved when compared to a conventional felt pad. There-
fore better contact with the feed nut is maintained during use
of the pump, and the rate of transfer of oil from the reservoir
to the feed nut is improved.

We claim:

1. A vacuum pump comprising:

a housing;

a bearing arrangement;

a rotor supported by the bearing arrangement for rotation
relative to the housing;

a lubricant reservoir that extends about an axis of rotation
of the rotor, wherein the lubricant reservoir stores lubri-
cant for lubricating a rolling bearing of the bearing
arrangement, and wherein the lubricant reservoir com-
prises a fibrous annular substrate having voids within
which the lubricant is stored; and

a brush for transferring lubricant from the lubricant reser-
voir to the rotor, the brush comprising a set of bristles
held by the lubricant reservoir, wherein bristles of the set
of bristles extend into at least some of the voids, and
wherein bristles ofthe set of bristles held by the lubricant
reservoir come into contact with lubricant within the
lubricant reservoir.

2. The vacuum pump of claim 1, wherein the brush is
arranged substantially orthogonal to the axis of rotation of the
rotor.

3. The vacuum pump of claim 1, wherein the brush is
inclined towards the rolling bearing.

4. The vacuum pump of claim 1, wherein the brush is
retained within an aperture formed in the lubricant reservoir.

5. The vacuum pump of claim 1, wherein the brush com-
prises a plurality of brushes for transferring lubricant from the
lubricant reservoir to the rotor, each of the plurality of brushes
comprising sets of bristles held by the lubricant reservoir.

6. The vacuum pump of claim 5, wherein respective
brushes of the plurality of brushes are angularly spaced about
the rotor.

7. The vacuum pump of claim 6, wherein the plurality of
brushes comprises a first brush and a second brush, and
wherein the first and second brushes are substantially dia-
metrically opposed.

8. The vacuum pump of claim 5, wherein respective
brushes of the plurality of brushes contact the rotor at loca-
tions which are staggered along a length of the rotor.
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9. The vacuum pump of claim 1, wherein the lubricant
reservoir is formed from a multi-component material.

10. The vacuum pump of claim 9, wherein the multi-com-
ponent material comprises polypropylene and polyethylene.

11. The vacuum pump of claim 1, wherein the brush com-
prises a natural material.

12. The vacuum pump of claim 1, wherein the brush com-
prises a synthetic material.

13. The vacuum pump of claim 1, in the form of a turbo-
molecular vacuum pump.

14. The vacuum pump of claim 1, wherein the brush is
configured to contact a surface of the rotor.

15. A vacuum pump comprising:

a housing;

a bearing arrangement;

a rotor supported by the bearing arrangement for rotation

relative to the housing;

a lubricant reservoir that extends about an axis of rotation
of the rotor, wherein the lubricant reservoir stores lubri-
cant for lubricating a rolling bearing of the bearing
arrangement, wherein the lubricant reservoir defines a
bore, and wherein the rotor is at least partially disposed
in the bore;

a brush for transferring lubricant from the lubricant reser-
voir to the rotor, the brush comprising a set of bristles
held by the lubricant reservoir, wherein bristles of the set
of bristles held by the lubricant reservoir come into
contact with lubricant within the lubricant reservoir,
wherein the set of bristles extend across the bore, and
wherein a first end of the set of bristles is held by the
lubricant reservoir at a first location of the lubricant
reservoir and a second end of the set of bristles is held by
the lubricant reservoir at a second location of the lubri-
cant reservoir.

16. The vacuum pump of claim 15, wherein the first loca-
tion is substantially diametrically opposite to the second loca-
tion.

17. The vacuum pump of claim 15, wherein the brush is
arranged substantially orthogonal to the axis of rotation of the
rotor.

18. The vacuum pump of claim 15, wherein the brush
comprises a plurality of brushes for transferring lubricant
from the lubricant reservoir to the rotor, each of the plurality
of brushes comprising sets of bristles held by the lubricant
reservoir.

19. The vacuum pump of claim 18, wherein respective
brushes of the plurality of brushes contact the rotor at loca-
tions which are staggered along a length of the rotor.

20. The vacuum pump of claim 15, wherein the lubricant
reservoir comprises a multi-component material, and
wherein the multi-component material comprises polypropy-
lene and polyethylene.
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